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EMBERS every profession realize their continuing 

need grow stature and wisdom. This par- 
ticularly true the safety engineering profession. 

The technological progress within industry during 
the last years has required that safety engineers, 
meet new problems successfully, master ever increas- 
ing body technical knowledge and gain keener 
insight into human behavior. 

number magazine articles published during the 
last few years indicates some safety engineers feel that 
the engineering factor accident prevention has out- 
lived its usefulness and that must search for some new 
approach those safety problems which still are acute. 

This attitude has given rise situation described 
forcefully the Society’s last Annual Meeting speech 
made Arthur Johnson (published the February, 
issue the Journal). Mr. Johnson said: 

“Let charge one variety safety engineer with 
tendency forget his real objectives. Too 
many are piddling with contests and accident records 
quarrels, settling for safety committee meeting 
routine plant inspection, trying every. means their 
disposal reduce the score accidents except engi- 
neering that there will not accidents. Contribute 


your proper share engineering skill make opera- 
tions safe quit claiming engineers.” 

Certainly, meet the complexity accident preven- 
tion modern industry, planned program should 
established which permits proper emphasis all phases 
accident prevention. Because the last decade’s 
changes manufacturing techniques and the philos- 
ophy handling people, industrial safety engineers have 
shown growing tendency concentrate some phases 
the job and neglect other essentials. However, well 
balanced safety program, seems me, should give 
substantial weight each the following elements: 
Organization and administration. 

Hazard control. 
Industrial hygiene. 
Training. 

Education and promotion. 
Recording and reporting. 


much the above program will engineering? 
number plants, type, where such plan 
has been worked out, approximately per cent the 
safety engineer’s time devoted matters environ- 
mental control such the elimination hazards and 
occupational diseases. This the basic engineering 
aspect the job accident prevention and the funda- 
mental work industrial safety. 

believe the philosophy the profession should be, 
first, engineer safety into the equipment and, second, 
follow through with training, general education and 
promotion insure safe operation. 

cannot afford overlook either the technical 
aspects our new industrial energies and methods 
the human factors involved their use. necessity 
need men with engineering training background 
who can view our modern creations with consideration 
for the people who use engineers who can 
picture people the midst this mid-Twentieth Cen- 
tury environment. 

However, engineering still the key industrial acci- 
dent prevention. The challenge the profession 
find and develop sufficient number men who will 
technically qualified cope with our present day needs, 
then delve into the relatively untouched fields human 
engineering and biomechanics, that can make 
equipment, operations and processes inherently safe. 


Henry Duffus, President 
American Society Safety Engineers 
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Charles Culbertson, member the Washing- 
ton Chapter, American Society Safety Engi- 
neers, industrial safety and fire 
prevention, Post Office Department. holds 
B.S. M.E. from Purdue and M.S. safety 
engineering from Georgia Tech. 


does the 
American Standard method 


computing frequency rates 
hide the truth? 


Charles Culbertson* 


Conflict Injury Rate Trends: injury rate 
trends graph (right) show accurate picture, then 
safety engineers have been directing primary atten- 
tion minor hazards, author points out. 


ERHAPS one the greatest byproducts the safety 

movement has been management’s increased aware- 

ness its responsibility the employe and, 

result, real concern for keeping the employe 
the job and his paycheck intact. 

However, this emphasis behalf the employe has 
inadvertently robbed the safety profession the greater 
part one its most useful tools appraisal, accu- 
rate frequency rate. Such situation has developed, the 
author believes, because the wording one short 
phrase the American Standard Method Recording 
and Measuring Work Injury Experience, Z16.1-1954. 

While per cent the standard fulfills most admir- 
ably the purpose stated its title, measure work 
injury experience, National Safety Council statistics seem 
indicate that Section 1.2.4 the standard has 
fied this objective. 

This section defines temporary total disability (which 
accounts for vast majority the injuries contribut- 
ing the disabling injury frequency rate) “any 
injury which does not result death permanent im- 
pairment, but which renders the injured person unable 
perform regularly established job which open and 
available This last italicized phrase has 
rendered the balance the standard ineffective meas- 
uring work injury experience. 

The practice providing so-called “light work” 
accommodation for injured worker, making unnec- 
essary report temporary total disability within the 
Z16.1 definition, conceals the actual incidence injuries 
that disable the employe from his job. 

The disabling injury frequency rate should measure 


*This article has been adapted from article written 
the author, “Does This Standard Hide the Truth?” 
which appeared the January, 1957, issue the Maga- 
zine Standards, published the American Standards 


Association. 
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the total number disabling injuries experienced, not 
merely the ones that management could not accommo 
date with another job. The present definition has en- 
abled large plant with variety jobs experience 
injury and return the man job while the small 
plant across the street, suffering the same injury, 
tally disabling injury. 

injury this type more than “minor” injury 
and the cost—including transfer, accommodation and 
case. addition, taking such injury out the los 
time injury record has removed emphasis 
tion and followup the safety engineer. 

Statistics from NSC’s Accident Facts, used 
oping the above graph, indicate the present Section 1.24 
definition should re-examined. From 1945 1955, 
for organizations reporting the Council, the disabling 
injury frequency rate has fallen steadily from 13.6 
6.96; the severity rate has dropped from 1160 815. 
During the same period the 
injury figure has climbed steadily from 117. 

The trend flatly contradicts one the basic 
tions the safety engineer—to eliminate 
hazards first. this were being accomplished, the aver 
age number days charged per injury should 
ing eliminate the more serious hazards. Probably 
the average-days-charged-per-injury trend rising 
cause more and more the one, two and three 

time cases are being “accommodated.” But the 
statistics were accepted face value, would seem 
that have been eliminating the lesser hazards 

simple answer would change the definition 
this ASA standard read, which renders the 
injured person unable perform his regular job.” 


EDITOR’S NOTE: Comments Mr. 


provocative article are invited from readers. 
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RADIATION EXPERIENCE:* The Atomic Energy Commis- 
sion has followed policy keeping minimum the radiation 
exposures workers the installations its Usu- 
ally the exposure less than those levels believed acceptable 
the basis research calculations based experience 
with other sources radiation. Permissible levels for the public 
are set even lower, generally one-tenth industrial levels. 
Large and continuing programs research are directed and spon- 
sored the commission determine accurately the levels which 
may considered harmless from chemical and radiological 
standpoint. These studies radiation dosage and chemical 
toxicity and the standards derived from them are reported later. 


practice few workers are exposed even the allowable 
limit for radiation. Some accidents have resulted injury 
and some workers have undergone technical overexposures. How- 
ever, average exposure workers within atomic energy installa- 
tions well below the standards established. 


The following series tables lists radiation accidents atomic 
energy activities and reports the general exposure records 
routine operations AEC contractors. Accidents are reported 


ATOMIC 
ENERGY 


beginning August, 1945. The exposure records for operations 
start with the period responsibility the Atomic Energy 
Commission January, 1947. 


years between August 1945, and July 1956, there 
were radiation accidents which persons were over- 
exposed radiation. eight cases only one person involved. 
another single instance servicemen were overexposed 
unexpected concentration fallout after 1954 weapons test. 
the exposed only two died, 1945 and 1946. the 
remainder suffered skin injury and several exposures were 
comparatively minor. 


*The five tables included with this article outline the radiation 
exposure experience the government atomic energy operations 
from August, 1945, through July, 1956. The first three these 
tables, and the above four paragraphs, are taken from the Twenty- 
First Semiannual Report the Atomic Energy Commission, pub- 
lished January, 1957, the Government Printing Office, 
Washington, This Twenty-First Semiannual Report the 
AEC contains extensive section radiation safety atomic 
energy activities. 


The and Accident Record Date 


Daniel Hayes 


the work the Atomic Energy Commission. Broad 

categories include construction and engineering, 

production, research and services. these cate- 
gories there are general and special building constructors, 
mines and mills; chemical, machine, 
instrument, aircraft and petroleum manufacturers; boiler 
makers, shipbuilders, ferrous and non-ferrous metal 
companies; transportation companies, colleges, research 
organizations and others. 

The term “normal industry” therefore applies the 
Atomic Energy Commission contractors that their 
work cross section all American industry. There- 
fore, comparison the AEC accident experience with 
that conventional industries can made (although 
only rough comparison) since thereby are com- 
paring conventional industry, the atomic industry so- 
called, with all conventional industry. 


kinds organizations have been engaged 


Standing NSC List 


the sense that the work the Atomic Energy Com- 
mission and its contractors such cross section, the 
National Safety Council data are the best base line 
from which measure accident experience. The National 


Safety Council each year compiles injury rates furnished 
its members and publishes them list beginning 
with “communications,” the least hazardous, and running 
through “lumber industry,” which the most hazardous. 
The Bureau Labor Statistics also compiles list 
which contains perhaps even broader picture Amer- 
ican industry. The categories are approximately the 
same those used NSC. The accident frequency 
rates reported the Bureau Labor Statistics are 
generally higher because many more and smaller indus- 
tries are recorded. 

Most the AEC contractors are members the 
National Safety Council maintain safety programs 
compliance with the commission’s requirements, which 


Daniel Hayes chief, Safety and Fire 
Protection Branch, AEC; has degrees 
mechanical engineering (Rensselaer) 
and law (Brooklyn Law School); 
member the American Society 
Safety Engineers (Washington Chapter) 
and chairman the national Committee 
Standards; serves the Executive 
Committee, ASA Safety Standards Board. 
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TABLE 
Incidents Involving Radiation Overexposures which Resulted Injury Death 


INVOLVED 
DATE LOCATION NUMBER EXTENT EXPOSURE NATURE INCIDENT 


Aug. 21, 1945 Los Alamos fatal; other received criticality 
roentgen 


descending amounts result- 
ing hospitalization; all 


recovered. 

May 19, 1948 burns hands. Failure handle radioactive 
filters properly after collecting 
airplane following weapons 

Sept. 1948 Los Alamos Radiation burn ankle. Allowed radioactive material 

leg. 

July Alamos Radiation burn fingers Handling material with torn 

right hand. 

Mar., 1954 Idaho Falls Fallout from weapons test; 
cent suffered skin lesions. 

July 25, Islands burn external welding particle 

ear. ear. 

Apr. 30, 1956 Los Alamos Slight suspected radiation radioactive source. 


burn hand. 


X-rays that will produce two billion ion pairs cubic centimeter dry air under standard temperature and 


AEC Sarety Continued tion and use atomic energy may occur many 
ent kinds “normal industry.” 


Atomic energy natural physical phenomenon. 


produce relatively good accident experience. The com- the Atomic Energy Act 1954, defined thus: 
mission injury rates, including accidents involving nu- forms energy released the course nuclear 
clear radiation, taken whole compare very favor- nuclear transformation.” For our purposes, let 
ably with the best rates NSC’s annual listing. The consider atomic energy, more properly 
overall AEC injury frequency rate for several years has energy,” the defined sense and say that 
been second third from the top the NSC list. energy like electricity heat energy steam. 
But the subject the author has been requested then something which used large 
discuss (by the American Management Association; see different ways several many different 
note end article—Ed.) calls for comparison can consider cause accidents, 
the accident picture the “atomic energy industry.” And its peculiar nature, and deal with more 
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the analysis should confined those accidents comparing the number and nature accidents 
costly incidents which are peculiar the companies from its use. 

which actually have been engaged some uses those 
materials and processes which involve nuclear radiation. 

comparison can made certain limiting factors 

are considered. 


Known for Only Few Years: Another 
the comparison the period time during which 
hazard has been existent, requiring the 
industrial management. The use atomic energy 
grown its present proportion more quickly than 
the use electrical, hydraulic, chemical other 

Used Many Kinds The first source energy. (One might except rocket 
these factors is, have pointed out, that the produc- which recent years has been developed many 


Limiting Factors Comparison 
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Incidents Involving 


DATE 


Aug. 1945 


May 21, 1946 


LOCATION 


Los Alamos 


Los Alamos 


Pacific 


TABLE 


Radiation Overexposures which Resulted Injury Death 


INVOLVED 
NUMBER 


EXTENT EXPOSURE 


fatal; other received 
roentgen (r).* 

fatal; others exposed 
descending amounts 
ing hospitalization; all 
recovered. 


Radiation burns hands. 


NATURE INCIDENT 


Inadvertent criticality experiment, 


Inadvertent criticality experiment, 


Failure handle radioactive 


May 1948 


Sept. 1948 Los Alamos 


July 1952 Los Alamos 


Mar., 1954 Idaho Falls 


July 25, Islands 


ear. 


Apr. 30, 1956 Los Alamos 


Radiation burn ankle. 


Radiation burn fingers 
right hand. 
Radiation burn external 


Slight suspected radiation 
burn hand. 


filters properly after collecting 
airplane following weapons test. 


Allowed radioactive material 
unpacking rest against his 
eg. 


Handling material with torn gloves, 


Fallout from weapons test; per 
cent suffered skin lesions. 


While welding particle lodged 
ear. 


Handling radioactive source. 


unit measurement gamma ray and X-ray radiation. roentgen that quantity gamma rays 
X-rays that will produce two billion ion pairs cubic centimeter dry air under standard temperature and 


AEC AND ACCIDENT RECORD Continued 


produce relatively good accident experience. The com- 
mission injury rates, including accidents involving nu- 
clear radiation, taken whole compare very favor- 
ably with the best rates NSC’s annual listing. The 
overall AEC injury frequency rate for several years has 
been second third from the top the NSC list. 

But the subject the author has been requested 
discuss (by the American Management Association; see 
note end article—Ed.) calls for comparison 
the accident picture the energy industry.” And 
the analysis should confined those accidents 
costly incidents which are peculiar the companies 


which actually have been engaged some uses those 


materials and processes which involve nuclear radiation. 
comparison can made certain limiting factors 
are considered. 


Limiting Factors Comparison 
Used Many Kinds The first 


these factors is, have pointed out, that the produc- 
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tion and use atomic energy may occur many differ- 
ent kinds “normal industry.” 

Atomic energy natural physical phenomenon. 
the Atomic Energy Act 1954, defined thus: “All 
forms energy released the course nuclear fission 
nuclear transformation.” For our purposes, let 
consider atomic more properly “nuclear 
energy,” the defined sense and say that form 
energy like electricity heat energy steam. 
then something which used large number 
different ways several many different industries 
its peculiar nature, and deal with more 
comparing the number and nature accidents 
from its use. 


Known for Only Few Years: Another factor 
the comparison the period time during which the 
hazard has been existent, requiring the consideration 
industrial management. The use atomic energy 
grown its present proportion more quickly than 
the use electrical, hydraulic, chemical other 
source energy. (One might except rocket 
which recent years has been developed many 


Jar 


TABLE 


Other Incidents Involving Radiation Overexposure 


NUMBER 
DATE LOCATION INVOLVED EXTENT EXPOSURE NATURE INCIDENT 
June 1952 Chicago 12, 71, 146 and 189 rep.* Accidental criticality during con- 
trol rod test experimental re- 
actor. 
Feb. 16, 1955 Hanford Est. times permissible Maintenance contaminated 
body burden plutonium. 
Mar. 1955 Guard entered contaminated area. 
May 1955 Hanford Whole body estimate 3.5 irradiated metal from 
reactor. 
Jan. 18, 28, 14, Overexposure during recovery op- 
erations. 
June 16, 1956 Savannah River rad. Operator inhaled radioactive gas. 
June 18, 1956 Hanford body instrument line. 
burden plutonium. 
July 24, 1956 Falls 21.5 2.5 Placing experiment materials 


testing reactor. 


unit measure effects rep and the rad under many conditions are sufficiently close the 
dose delivered one roentgen that, within the accuracy required for radiation protection, the terms may used 
interchangeably. 


TABLE 


Other Incidents Involving Radiation 


DATE LOCATION INVOLVED EXTENT EXPOSURE NATURE INCIDENT 
May 1954 Slight plutonium body bur- pot from 
den. plutonium machinery. 
Dec., 1954 Savannah River Records indicate employe contaminated material. 


10, 1955 


June 1955 


Oct. 31, 1955 


Idaho Falls 


West Milton, 


Savannah River 


could not have received in- 
jurious exposure. 


Records indicate employe 
could not have received in- 
jurious exposure. 


Records indicate employe 
could not have received in- 
jurious exposure. 


After hearing before member 
the South Carolina State Com- 
pensation Commission, there was 
finding that employe had fact 
been injured. 


Employe claims radiation sickness. 
now before the Idaho 
State Industrial Accident Board. 


Fire involved radioactive sodium 
reactor. 

Alleged radiation injury. Employe 
has since died. Case now before 


the South Carolina State Compen- 
sation Commission. 


Jan. 17, 1956 Plutonium contamination 
remove all plutonium. 
18, 1956 Conn. Employe took home piece 
string with cobalt source 
attached. 
Feb. 1956 Ridge 1.5 rep. maximum. criticality during ex- 
periment. 
May 14, Belvoir 15-25 exposure not left off radioactive source. 
more than 


hospitalization. 


injury was involved. 
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AEC AND ACCIDENT RECORD Continued 


But some the hazards rockets were known even 
the ancient Chinese and most modern propellants are 
chemical and well known.) 

one starts with the summer 1940, when was 

possible predict that self-sustaining chain reaction 
might obtained, the period growth about 
years; one starts with the Atomic Energy Act 1946, 
more than years. Five years more 
nearly the period during which has been used pri- 
vate industry our so-called “normal industry,” for 
that period the actual problems industrial applica- 
tions have been seriously considered. fact many 
phases industrial application still are tentative 
stage. 
Let take our starting point December 1942, 
when self-sustaining chain reaction was first produced 
pile the University Chicago. From that date 
the present simply not sufficient time develop 
body accident experience like that which exists 
the use other forms energy. Many operating, ad- 
ministrative, legal, medical and social aspects have not 
been clarified that period time. The lack time 
for experience reflected the limitations and caution 
the insurance coverages which recently have been 
provided the new insurance arrangements available 
from the insurance pools. Reservations have been made 
and will continue made until more data can 
obtained for underwriting purposes. Too, lack experi- 
ence reflected the relatively small number court 
decisions involving negligence and workmen’s compen- 
sation and actually the relatively small number 
reported injuries. 


Uncertain Injurious Effects: further limita- 
tion for the comparison, also stemming from the lack 
experience, the uncertainty defining the risks; 
that is, the injurious effects. great deal remains 
learned about the effects radiation individuals 
and, equally important, how they will dealt with 
the courts. the final analysis the effect the 
hazard people, the ability people use prop- 
erty, that are most concerned with when discussing 
accidents. 

controlling the radiation hazards accompanying 
the use nuclear energy, has been possible estab- 
lish working limits for exposure which, incidentally, 
the case other hazards usually either are not available 
are not definitive those for radiation. These 
working limits have been developed after most painstak- 
ing and careful study the best minds available. Even 
after the best judgment has been applied the working 
limits have safety factors them and, general, have 
been carefully applied wherever atomic energy has been 
used. The use atomic energy has been accompanied 
pre-evaluation risks against these standards with 
consequent control which has been more exacting and, 
believe, more effective than possible where other 
hazards are involved. 

Exposure hazard can measured units. But 
there still not enough actual experience cumulative 
effects over long periods time numbers 
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injuries resulting actual physical manifestations 
injury which base all-inclusive medical, underwrit. 
ing legal conclusions. Because the controls generally 
have been applied successfully, the injuries people 
which have occurred are not frequent extensive enough 
make comparisons all-embracing significance. 

However, this also leaves room for optimism. There. 
fore, our comparison suffers reason the sparsity 
data the results, measured damage persons 
property, the use atomic energy industrial 
world otherwise full hazards arising from many 
other sources. 


Incidents Overexposure 


With these limitations mind, attention invited 
Tables which accompany this paper—tabulations 
incidents involving radiation overexposures including 
those which resulted injury death. These three 
tables appear the Twenty-First Semiannual Report 
the AEC Congress. Also included with this article 
are two tables (Tables and which list 
tion experience has been reported the Atomic 
Energy Commission its contractors. 

You will note that the absolute number radiation 
accidents with identifiable injury not large. Perhaps 
general observation may made that the number 
very small even the short period which 
selected. “Injury” the normal quantity used 
ing industrial accidents where people are involved. The 
term “incident” used the tables because has been 
possible measure overexposure which has not 
sarily resulted injury and the tables include those 
incidents where individuals have been exposed 
amounts radiation above those which have been con- 
sidered safe. These amounts are sometimes referred 
“administrative levels.” 


Only Two Fatalities 


will noted that there have been only two fatalities. 
These two accidents have been frequently mentioned and 
the circumstances are well known. knowledge 
they still are the only fatalities which can associated 
with energy released the course nuclear fission 
nuclear transformation the so-called atomic energy 
industry. 

The bulk the injuries occurred research activ- 
ities where reasonable expect that the changing 
conditions and the unknowns involved any research 
usually are accompanied more accidents. Another 
observation cannot escape those who give even the most 
cursory examination the tables: most instances the 
causes the radiation accidents have been found 
involve human and mechanical causative factors 
tically identical type the causative factors for acci- 
dents which radioactive consideration was involved. 


Principles Accident Prevention 


This suggests that protection has been and can 
achieved the application well 
accident prevention, with the added advantage 
for the first time possible measure exposure with 
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TABLE 


Paid Compensation Cases 


EXTENT INJURY NATURE ACCIDENT 


Fatal. Inadvertent criticality 
periment. 
Fatal. Inadvertent criticality 


periment. 


Exposure radiation 
above accident re- 
sulting 
All recovered. 


Inadvertent criticality 
periment. 


Failure properly handle ra- 
dioactive air filters when re- 
moving after collection 
airplane. 


Radiation burns 


hands. 


Allowed radioactive material 
was unpacking rest 
against his leg. 


Radiation burn 
ankle. 


Radiation burn 


Handling material with torn 
fingers. 


gloves. 


Inadvertent criticality 


Radiation exposure. 
periment. 


*Medical service furnished AEC contractor. 
**No dependents—funeral expense only. 
***No proven injury—claim settled. 


high degree accuracy. The best these principles 
accident prevention the one which affirms that good 
operations are safe operations; e., safety not sep- 
arate entity. The techniques and the costs atomic 
operations are new degree and applicability view 


the added hazard. 


Costs Operation 


Added capital costs will involved architectural 
aspects the building, tiled easily cleaned floors 
and walls, hoods and ventilating equipment, shielding, 
separation areas and, some cases, additional laundry 
equipment buildings, waste handling and disposal 
equipment. 

present there are additional personnel 
volved acquisition and training, well the neces- 
sity for executing the functions imposed directly 
radiation control records, instruments, instrument main- 
tenance and accountability. the higher hazard oper- 
ations there may time, personnel, engineering and 
consultant costs and the cost for research arising from 
engineering and 

example some the costs which attend the 


APPLICABLE COMPENSATION 
INJURED LAW INDEMNITY MEDICAL 
New Mexico $10 $3,060 
New Mexico 150** 
New Mexico 3,500 465 
New Mexico 2,000 575 
New Mexico 500 508 
men's and 1,412 
Harbor Workers' 2,071 
New Mexico 245 
Illinois 350 


operation small plant processing fissionable mate- 
rial, consider the case actual plant employing 250 
persons. 


plant this size which did not handle radio- 
active materials the safety program, any, would 
effected personnel man superintendent part 
time basis; few plants such size employ full time 
safety engineer. Frequently, full part time nurse 
assigned some the work. The compensation car- 
rier may supply limited amount accident preven- 
tion service. Fire prevention also will get some attention 
through service the fire insurance carrier. 


Additional Plant Personnel 


the plant are considering, normal and enriched 
uranium are processed, the final product being, 
fuel elements for nuclear reactors. This plant has 
full time safety engineer. His job requires that have 
good knowledge radiation and its effects and the 
usual procedures for recording exposure and the investi- 
gation situations producing excessive radiation limits. 
must have understanding ventilation problems, 
the handling and use machinery involved, the com- 


Journal 


rial 
aps 
ave 
The 
een 
ose 
and 
ited 
the 

ples 
that 
with 


TABLE 


Paid Compensation Cases 


APPLICABLE COMPENSATION 
EXTENT INJURY NATURE ACCIDENT INJURED LAW INDEMNITY MEDICAL 
Fatal. Inadvertent criticality ex- New Mexico 150** $10 $3,060 
Fatal. Inadvertent criticality ex- New Mexico 150** 
periment. 
Exposure radiation New Mexico 3,500 465 
above accident re- criticality ex- New Mexico 2,000 575 
sulting hospitaliza- New Mexico 500 508 
tion. All recovered. New Mexico 
Radiation burns dioactive air filters when re- men's and 1,412 
airplane. Act 1,808 347 
Radiation burn Allowed radioactive material New Mexico 245 
ankle. was unpacking rest 
against his leg. 
Radiation burn Handling material with torn New Mexico 
fingers. gloves. 
Radiation exposure. Inadvertent criticality ex- 2,374*** 350 


*Medical service furnished AEC contractor. 
**No dependents—funeral expense only. 
***No proven injury—claim settled. 


high degree accuracy. The best these principles 
accident prevention the one which affirms that good 
operations are safe operations; e., safety not sep- 
arate entity. The techniques and the costs atomic 
operations are new degree and applicability view 
the 


Costs Operation 


Added capital costs will involved architectural 
aspects the building, tiled easily cleaned floors 
and walls. hoods and ventilating equipment, shielding, 
separation areas and, some cases, additional laundry 
equipment buildings, waste handling 
equipment. 

present there are additional personnel 
volved acquisition and training, well the neces- 
sity for executing the functions imposed directly 
radiation control records, instruments, instrument main- 
tenance and accountability. the higher hazard oper- 
ations there may time, personnel, engineering and 
consultant costs and the cost for research arising from 
hazards engineering and planning. 


example some the costs which attend the 


operation small plant processing 
rial. consider the case actual plant employing 250 
persons. 


plant this size which did not handle radio- 
active materials the safety program, any, would 
effected personnel man superintendent part 
time basis; few plants such size employ full time 
safety engineer. Frequently, full part time nurse 
assigned some the work. The compensation car- 
rier may supply limited amount accident preven- 
tion service. Fire prevention also will get some attention 
through service the fire insurance carrier. 


Additional Plant Personnel 


the plant are normal and enriched 
uranium are processed, the final product being, generally. 
fuel elements for nuclear reactors. This plant has 
full time safety engineer. His job requires that have 
good knowledge radiation and its effects and the 
usual procedures for recording exposure and the investi- 
gation situations producing excessive radiation limits. 
must have understanding ventilation problems. 
the handling and use machinery involved, the com- 
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AEC AND AccIDENT RECORD Continued 


pensation laws and requirements and working knowl- 
edge medical procedures. has secretary who 
assists maintaining exposure records and necessary 
correspondence. 

The procedures were originally set with the help 
consultants. The company employs three consultants 
for part time service, one ventilation and two 
health physics problems. The services industrial 
toxicologist also are used, but less frequently. These 
services run about $500 month. The plant also has 
full time nurse and the services regular outside 
physician. 


Pre-Evaluation Plans, Processes 


order assure good accident prevention, all new 
plans and processes are pre-evaluated supervisory 
personnel, the consultants and the safety engineer before 
the work done. 

Since criticality problems occasionally arise the 
processing enriched uranium, the plant has one em- 
ploye whose specialty the avoidance criticality 
the handling fissionable material. 


Other Requirements 


Ventilation runs about per cent the total capital 
investment. Ventilating requirements are about 750,000 
cubic feet per minute. This results larger heating 
plant and increased maintenance costs. 

Some special firefighting equipment needed for pro- 
tection against fires pyrophoric metals and some addi- 


TABLE 


Pending Compensation Cases 


EXPOSURE AND NATURE ACCIDENT 


Alleged radiation injury from handling contaminated materials. Exposure records 
indicate claimant could not have received any injurious exposure. After hearing 


before single member the South Carolina 


there was finding had fact but could not recover 


due the statute limitations. has not appea 
AEC cannot. 


Claims radiation sickness. Exposure records indicate could not have received 
any injurious radiation exposure. The matter now before the Idaho State 


trial Accident Board. 


Alleged radiation injury. Claimant has since died. Exposure records indicate 
could not have received injurious exposure. The case now before the South 


Carolina State Compensation Commission. 
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APPLICABLE LAW 
South Carolina 
tate Compensation Commission, 
the full commission and 
Idaho 
South Carolina 


tional personal protection required. Incidentally, 
plant enjoys very low compensation and fire loss, 

The problem accountability, well the 
storage the metal, requires vault costing 
neighborhood $10,000 with this setup. 

The plant has little difficulty meeting the 
and radiation standards the Atomic Energy Com 
mission; consequently, has not had face 
which may arise where controls are less careful 
sary limit the time exposure employe 
assignment other work. 

This typical plant could find for the 


comparison fuel element manufacture. 


larger operations the additional personnel 
for the radiation and safety about three per cent. 
obviously this will vary with the degree 
involved. 


Conclusion 


think appropriate conclude with two 
tions our comparison. (1) The actual picture 
injury experience with new industrial hazard has 
good; from this, can conclude that the 
hazard can enter industry controllable hazard. 
While costs for radiation safety may higher 
control accidents and injuries, these costs should 
considered part the operating expense. 


EDITOR’S NOTE: The above article has been 
from-an address made the author special com 
ference the American Management Association 
subject, “Managing the Atom,” which was held 
New York City February 7-8. 


gers 
bee 
ae 
— 


AEC AND Continued 


pensation laws and requirements and working knowl- 
edge medical procedures. has secretary who 
assists maintaining exposure records 
correspondence. 

The procedures were originally set with the help 
consultants. The company employs three consultants 
for part time service, one ventilation and two 
health physics problems. The services industrial 
toxicologist also are used, but less frequently. These 
services run about $500 month. The plant also has 
full time nurse and the services regular outside 
physician. 


Pre-Evaluation Plans, Processes 


order assure good accident prevention, all new 
plans and processes are pre-evaluated supervisory 
personnel, the consultants and the safety engineer before 
the work done. 

Since criticality problems occasionally arise the 
processing enriched uranium, the plant has one em- 
ploye whose specialty the avoidance criticality 
the handling fissionable material. 


Other Requirements 


Ventilation runs about per cent the total capital 
investment. Ventilating requirements are about 750,000 
cubic feet per minute. This results larger heating 
plant and increased maintenance costs. 


tional personal protection required. Incidentally, the 
plant enjoys very low compensation and fire loss, 

The problem accountability, well the safe 
storage the metal, requires vault costing the 
neighborhood $10,000 with this setup. 

The plant has little difficulty meeting the hygienic 
and radiation standards the Atomic Energy Com. 
mission; consequently, has not had face problem 
which may arise where controls are less careful and 
overexposure occurs. such cases might neces. 
sary limit the time exposure employe 
assignment other work. 

This typical plant could find for the cog 
comparison fuel element manufacture. 

larger operations the additional personnel required 
for the radiation and safety about three per cent. But 
obviously this will vary with the degree 
involved. 


Conclusion 


think appropriate conclude with two observa. 
tions our comparison. (1) The actual picture 
injury experience with new industrial hazard has been 
good; from this, can conclude that the radiation 
hazard can enter industry controllable hazard. (2) 
While costs for radiation safety may higher order 
control accidents and injuries, these costs should 
considered part the operating expense. 


EDITOR’S NOTE: The above article has been adapted 
from. address made the author special 
ference the American Management Association the 


( 

Some special firefighting equipment needed for pro- subject, “Managing the Atom,” which was held 
tection against fires pyrophoric metals and some addi- New York City February 7-8. 

TABLE 

Pending Compensation Cases 

APPLICABLE LAW INVOLVED 


EXPOSURE AND NATURE ACCIDENT 


South Carolina 


Alleged radiation injury from handling contaminated materials. Exposure records 
indicate claimant could not have received any injurious exposure. After hearing 
before single member the South Carolina State Compensation Commission, 
there was finding that claimant had fact been injured but could not recover 
due the statute limitations. has not appealed the full commission and 


AEC cannot. 


Claims radiation sickness. Exposure records indicate could not have received Idaho ate 
any injurious radiation exposure. The matter now before the Idaho State Indus- 


trial Accident Board. 


Alleged radiation injury. Claimant has since died. Exposure records indicate 
could not have received injurious exposure. The case now before the South 
Carolina State Compensation Commission. 


South Carolina dir 
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THE APPLICATION BIOMECHANICS 


SAFETY ENGINEERING 


Donald Ross and Theodore Hatch 


Know Man's Physical Limitations, Eliminate Excessive Stress, Reduce Accidents; 
Report Based Material Presented Authors National Safety Congress 


any particular work situation one the factors 

which may influence the accident potential the lack 

proper functional relationship between the man 

and his job, wherein the operator subjected 
stresses which increase the likelihood his 
accident. One area which such inadequate functional 
relationship may particular importance concerned 
with the demands imposed upon the man apply me- 
chanical force. Thus, the amount force which 
has apply exceeds his mechanical capacity and espe- 
cially must assume awkward position when 
applying force, the accident potential increased. 

Human capabilities and limitations the application 
mechanical forces come within the field biome- 
chanics. this paper the term considered with par- 
ticular reference the development design specifi- 
cations which tend ensure maximum safety for the 
operators industrial machinery. The groundwork 
laid for the alleviation some stressful job conditions 
systematic biomechanical analysis certain work 
activities. 


Two Human Factors Affect Safety 


any consideration the role the human factor 
accident causation, must recognize two distinctly 
different ways which the characteristics human 
behavior enter into the problem. 

Unsafe Acts: the first case the performance 
“unsafe acts” superimposed work situation 
increase the accident potential over that the 
job Common examples this category include 
standing under crane, operating saw with guard 
removed willful removal respirator during 
dusty operation. These are instances overt human 


Theodore Hatch, S.M., professor 
Industrial Health Engineering, Gradu- 
ate School Public Health, University 
Pittsburgh. graduate civil engineer 
(University Maine) and sanitary engi- 
neer (Harvard), former research 
director, Industrial Hygiene Foundation; 
coauthor the book, Industrial Dust; 
recipient the Cummings Award. 


behavior which act independent factors accident 
causation. 

Effective counteraction includes both the provision 
mechanical safeguards which protect the worker despite 
his own actions and the actual improvement human 
behavior means such preventive activities em- 
ploye selection, placement and training. 

Excessive Stresses: the second case the human 
factor adds directly the accident potential the job 
itself because the work imposes excessive stresses upon 
the worker. These cause failure the safe func- 
tioning the man-machine system and the accident 
probability goes without, necessarily, the imposition 
“unsafe acts.” Thus, for example, the increased acci- 
dent potential “hot jobs” may the consequence 
too much heat stress. The performance job may 
impose demands upon seeing which are excess 
visual capacities; environmental noise may irri- 
tation factor; vibration may interfere with visual acuity; 
operator may forced assume awkward posi- 
tion order perform particular task. All these 
represent situations wherein the inherent accident poten- 
tial the job increased because the stresses imposed 
upon the operator are excess his capacity deal 
with them safely. 

Such added risks cannot completely offset through 
attempt improve human behavior. Rather, minimiz- 
ing the accident risk such stressful man-machine sit- 
uations involves revision the design the work 
situation based upon fundamental understanding 
man’s capabilities and limitations deal with external 
stresses. 

This paper concerned with one the elementary 
requirements the design machines for safe human 
usage; namely, the establishment optimum machine 


Donald Ross, Sc.D., research asso- 
ciate, Graduate School Public Health, 
University Pittsburgh, where re- 
ceived his graduate degrees. 
member AIHA and Sigma and 
serves secretary the Human Engi- 
neering Committee, ASME. worked 
Oak Ridge, 1943-52, and was AEC 
Fellow industrial hygiene, 1952-53. 
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APPLICATION BIOMECHANICS Continued 


dimensions agree with the biomechanical character- 
istics and capacities man. 

The safety implications mis-matching machine di- 
mensions with man’s biomechanical capabilities are not 
sharply drawn the sense that they have been demon- 
strated designed and controlled experiments. Rather, 
they emerge from rational consideration. obvious 
that, worker must continually reach beyond his range 
vision, sooner later will sustain hand finger 
injury; the job requires the application force 
awkward position, the probability fall back 
injury increased; inadequate head room 
vided, head injury inevitable. 


Need New Data Man’s Abilities 


Even though the engineer may anticipate such con- 
sequences inadequate design, rarely supplied 
with the quantitative data necessary meet safety 
requirements. follows that, since knowledge 


man’s biomechanical characteristics important the 
design safe work place, systematic description 
these characteristics needed. 

Efforts describe the dimensional relationships be. 
tween man and his job have been confined principally 
the following areas: (1) anthropometric surveys 
man’s linear dimensions, (2) measurement the limits 
movement bones and muscles assessing joint 
pathology and (3) measurement working area bound. 
aries. 

Although some useful data have been obtained from 
each these sources, all three have yielded only static, 
linear dimensions and not give clue the solution 
problems where, for example, strength and endurance 
are important factors, since these fac. 
tors depends upon the position body during the appli- 
cation force. view this limitation has been 
suggested that biomechanical data should collected 
terms man’s functional dimensions—defined here 
human capability related the performance 
task some distance and direction from the worker. 

The difference between static and functional dimen. 
sion can shown example. The limit man’s 
reach may known from standard anthropometric 
measurements but this information does not provide the 
design engineer with answers such questions “What 


can the person accomplish when his arm more less 


extended? How much torque can How much 
pushing pulling? How much vertical downward 
upward force can exert?” Such measures useful 
work have been given the name “functional dimen- 
sions.” 

suggested that the evaluation such functional 
dimension may provide the engineer with needed data 
which can apply more readily the design ma- 
chines. Furthermore, work. when broken down into its 
force components, concept which engineer accepts 
being within his own area basic knowledge. 


Conduct Experiment Pitt 


— 


Two examples this approach the study bio- 


mechanics have recently appeared the literature. The 
first these experiments, our own 
tories the University Pittsburgh Graduate School 
Public Health, sought answer these questions: 
“How does the ability exert vertical downward force 
vary the three dimensions the task are changed? 


Can these relationships explained terms the bio- 


mechanics the arm?” 

Following brief review this experimental work: 

miniature work situation which simulated com- 
mon industrial task, represented schematically Figure 
was set the laboratory. The subject, seated with 
his back supported the backrest, grasped the handle 
and exerted maximum vertical downward force which 
was measured pair strain gauges. The horizontal 
distance from the subject the task was varied systemat- 
ically from minimum maximum reach position and 
the vertical dimension similarly varied equal 
ments above and below the shoulder level. 

The several thousand measurements made with the 


apparatus provide basis for the three dimensional 


graph shown Figure Note these two characteristics 
the relationship shown here: 


SQ 
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Above 


Limit Reach 


Pivot Below 
Vertical Dimension 


any given vertical dimension, the force which 
can exerted decreases approximately linear 
fashion the horizontal distance the task increased. 

any particular horizontal dimension, the force 

decrement with change vertical position tends 
curvilinear, although this tendency less pronounced 
the maximum reach approached. 
The systematic nature these force-position character- 
istics strongly suggests that the relationships 
explained terms the mechanics the muscle and 
level systems involved. 

considering the muscles and bones the shoulder 
and arm the balance lever system shown Figure 
the study this particular exertion. This analysis 
yielded this expression for the relationship between max- 
imum force and the task position: 


where: 
vertical component the force exerted. 
constant, the value which varies with the 


physical characteristics the individual. 

distance from shoulder pivot point point 
effective origin (attachment the more fixed 
part the skeleton) the muscle. 


effective lever length. 

distance from shoulder pivot point point 
insertion (attachment more movable part 
skeleton) the muscle. 

angle between body and upper arm. 

angle between exerted force and vertical com- 
ponent same. 

elbow angle. 


Figure 3—Schematic representation the 
shoulder-arm lever system. 


Figure 2—Variation maximum down- 
ward with changes vertical and 
horizontal task dimension. 


This rather imposing equation elaboration 
the simple lever formula. contains three parts: 


The first: 


sin 


expression for the change mechanical advantage 
the lever system the task position changed. 
The second factor: 


has its basis the fact that the tension which devel- 
oped muscle related the degree contraction 
and, hence, the relative length the muscle. 

The third part: 


gives recognition the fact that the exertion force, 
dependent upon the stability the elbow joint 
and proportional the degree contraction the 
triceps muscle. 

This mathematical model ‘does, fact, explain the 
major relationships shown Figure and, within cer- 
tain limits, can predict those task positions which 
individual can perform this task best advantage. 


University Michigan Makes Study 


second biomechanical analysis was recently com- 
pleted the Department Anatomy the University 
Michigan under the direction Dr. Dempster. 
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APPLICATION BIOMECHANICS Continued 


This research was undertaken describe the mechanical 
factors which are operative when the body exerts push- 
ing pulling force with the hands. The approach 
these investigators the solution this biomechanical 
problem revealed two basic mechanisms force pro- 
duction: (1) hand pushes pulls may exerted 
direct compressive forces spanning the hand grip and 
the backrest and (2) push and pull forces involve the 
action force couples. Body dead weight, when applied 
different points, creates variable leverages and appre- 
ciable torque values. 

Analysis the results measurements human 
subjects clearly demonstrated the direct relationship 
between the magnitude exerted force and the calcu- 
lated value moments force the body weight cou- 
ple. The resulting mathematical models accurately pre- 
dicted the relative ability exert pulling force when 
the body was six different positions shown Figure 
The basic concepts developed this methodology were 
not altered the addition footrest the use 
backrest. 


Data Apply Safety Engineering 


The foregoing studies are fundamental nature but 
the following implications for safety engineers are clear: 

They illustrate how the need can met for the 
systematic analysis man-machine relationships which 
will provide basis for establishing safety design cri- 
teria. Past experience indicates that such analysis must 
precede the actual design machinery. case point 
the design prosthetic devices after World War II. 
Consultation with orthopedists and physical therapists 
disclosed the fact that adequate understanding 
knee action existed and thorough biomechanical analy- 


Figure 4—Stick figures repre- 
senting the six positions as- 
sumed subject exerting 
push forces, arranged order 
force effected from mini- 
mum upper left maxi- 
mum lower right (courtesy 
Dr. Dempster, Depart- 
ment Anatomy, University 
Michigan). 
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sis the knee was necessary before the design arti- 
ficial legs could begin. 

Given such systematic description 
characteristics, sound basis provided for the 
lation data large population groups. When the 
safety engineer asked such questions “What are 
the optimum load limits for lifting; for carrying?” and 
“How much pull can exerted lever?” needs 
know the distribution these characteristics the 
industrial population. With understanding the 
mechanism force exertion and the underlying force. 
distance relationship, should possible make rela. 
tively few force measurements large number 
individuals and thereby arrive practical knowledge 
the range the mechanical capabilities man work, 

relating force output body and task position, 
these studies themselves suggest design 
criteria for safe operation. For example, follows 
tionally that task located such position require 
only small fraction worker’s maximum force out- 
put will have lower inherent accident potential than 
the same task positioned necessitate 
maximum exertion. 

This suggested approach the study 
supports aid the solution problem which 
itself not fully understood. That say, present 
day safety statistics give clue the magnitude 
the accident hazard caused inadequate consideration 
biochemical forces relation task position. 
the same time, new approaches accident investigation 
and analysis are needed which will bring out more 
sharply those situations which improper functional 
dimensional relationships between man and his job 
contribute the accident hazard. Early studies bio- 
mechanics should aid developing the approach 
this phase accident investigation and the findings from 
sych investigations will, turn, indicate the need for 
further studies biomechanics. 
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our foremen recently cautioned maintenance 


mechanic against using rag wipe the running 

gears machine. warned the mechanic that 

was dangerous practice and told him that 
should not again. Five minutes later the same 
employe lost four fingers his right hand when the 
rag with which was cleaning became entangled and 
drew his hand into the gear mesh. 

When the employe was asked why did this, 
said, forgot. didn’t know what was doing.” What 
motivated this employe exactly what his foreman 
specifically had told him not do? 

another case employe was involved ac- 
cidents six months. His foreman called him for 
discussion his unsatisfactory accident record. Fol- 
lowing this, the employe was not involved acci- 
dent for year and half, during which time his record 
was carefully checked. What motivated this employe 
safety? 

suggested these examples, accidents can 
created well prevented through motivation. What 
“motivation?” According Webster means “any 
motion which prompts one into action.” would rather 
give the definition that friend mine suggested: 
“To get someone want want to.” 

People often react adversely suggestion, due 
any number psychological reasons. The first example 
the man who lost his fingers wiping the gears 
running machine and many other similar accident cases 
indicate that order control accidents through moti- 
vation important for consider carefully: 

When motivation most effective. 

What motivates people. 

How get people “to want want to.” 


Preliminaries Safety Motivation 


Before talk about when motivate people, perhaps 
should consider certain conditions which, whenever 
they exist, will seriously hinder the success any efforts 
motivate people for safety. Such conditions—most im- 
portant which are physical inability perform as- 
signed tasks safely, lack required knowledge skill 
and lack clear understanding instructions—usually 
are correctible. Certainly before attempts are made 
control accidents through motivation, any such obstacles 
should removed. 


Physical Inability: should not attempt motivate 
people safety until have investigated and are satis- 
fied that they are physically capable doing what 

Illustrating the vital role physical inability can play 
accidents the case teacher who had record 
traffic accidents during five-year period; con- 


Homer Lambie safety consultant, 
Division, Kaiser 
Aluminum and Chemical Company. 
joined the American Society Safety 
Engineers 1945 and member the 
San Francisco Chapter. For the 1956- 
activity year serving chair- 
man the Committee General Pub- 
lications the national Society. 


Homer Lambie 


Control 


through 
MOTIVATION 


tinued have these accidents despite his intense interest 
safety. 

Through thorough analysis his accidents was 
finally discovered that had visual problem which 
was responsible for his poor traffic accident record. 
could not avoid driving into objects and other cars 
matter how well was motivated. Motivation could 
not improve his vision. 


Lack Knowledge: should not attempt moti- 
vate people until have made sure that they possess 
the knowledge skills required avoid hazards. 

For example, driver truck had accidents 
months, most them during the evening hours. 
When this driver was brought for discussion his 
record, was discovered that usually worked nights 
and while doing wore dark glasses avoid the effects 
headlight glare night driving. was wearing 
the glasses for comfort only. 

This employe did not realize that dark glasses pre- 
vented him from seeing all the cars, objects, animals 
and people involved his accidents. had neither 
the knowledge nor ability recognize that his dark 
glasses were the primary cause his accidents. 
matter how safety conscious might be, matter how 
frustrated his accidents, could not prevent the 
accidents until someone pointed out him the relation- 
ship the dark glasses his misfortunes. Once 
stopped wearing the glasses stopped having accidents. 

this case was not motivation but knowledge that 
was the needed factor. 

Here another example when lack knowledge, 
rather than motivation, was responsible for accident: 

electrician was using benzol solvent for cutting 
shellac. worked confined space most the day 
cleaning motors. the end the day the man was 
desperately ill and permanently injured. Neither 
nor his foreman knew the hazards using benzol. 

Another example the gas station attendant who, 
having used carbon tetrachloride for many years 
cleaning solvent, used clean the upholstery his 
car. short time later drove the car with the windows 
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Assembly employes for safety awards presentation gives winners earned recognition, 
important factor controlling accidents through motivation. 


ACCIDENT MOTIVATION Continued 


closed before the upholstery was completely dry. Within 
two days died result exposure the carbon 
tetrachloride fumes. did not recognize the danger 
involved this exposure. Hundreds similar cases 
have been reported throughout the country. Knowledge 
the hazards, rather than motivation, needed pre- 
vent this type accident. 


Misunderstanding Instructions: Motivation will 
not prevent accidents when clear understanding safety 
lacking. 

For instance, group employes were instructed 
housekeeping cleanup the shop area. the 
same time they were cautioned not get “too close” 
moving machinery. short time after the instructions 
were given, one the employes climbed behind the 
barrier and started cleaning near moving shaft. 
was involved near fatal accident. 

When was questioned why had climbed 
over the guard clean, answered, “The boss asked 
clean and that what was doing. thought 
could without getting too close the shaft but 
guess didn’t turn out that way.” Apparently this 
employe, his anxiety clean well, misunderstood his 
foreman’s caution—it was matter interpretation 
“how close too close.” 

These examples indicate that motivating employes 
work safely practical only when they know the hazards 
and how avoid them and are physically and mentally 
capable keeping themselves safe the job. 


When Motivation Effective 


Specifically, attempts achieve accident control 
through motivating employes for safety will most 
successful when the guide posts listed below are followed 
such program. Motivation most effective: 

When objectives the safety program are clear 
and definite. For example, would like the employes 
use the bridge instead jumping over the conveyor. 
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would like the employes take better care the 
ladders putting them their proper places after use, 

When the objectives are within the capabilities 
the employes. Make your requests reasonable. For 
example, don’t ask the men clean years 
neglect three days when obviously will take days 
just get started. 

When objectives are simple. For example. don't 
start all once request active participation 
keeping programs, management safety committees and 
union safety committee programs and expect enthusiastic 
response. Such abrupt procedure probably will get 
nowhere. The employes won’t know where start 
they won’t anything. better first take 
one simple project time. Perhaps good beginning 
would very simple housekeeping program one 
section the plant and very simple award system. 

When the objectives provide challenge the indi- 
should not say, “Let’s clean 
the department for the next days,” when they have 
been doing every day for the last two years. This 
effort action. Rather, suggest, 

When the objectives are short range. should 
set goal improve the safety record the near future, 
rather than achieve ideal record five years from 
now. The group will more interested seeing the 
progress their efforts within the next days per- 
haps the next six months. 


What Motivates People 


Now let consider what motivates people. Why 


act the way they do? generally agreed that 


people act certain ways satisfy their basic drives 
desires which, for the purpose this discussion, 
can classify into four groups: 

Desire for acceptance. 

Desire for recognition. 

Desire for challenge. 

Desire for security and comfort. 
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Acceptance: Most people like accepted. 
working safely man gains acceptance his super- 
his fellow employes and his union, likely 
want work safely. (As has been pointed out pre- 
viously, however, also must know how work 

one plant which has many similar operations and 
departments, one unit operated for more than three years 
without lost time injury any its members. This 
was far better record than that any the other 
units the plant. 

When the supervisor this group was asked ex- 
plain how was able accomplish this fine record, 
answered, pray for men; they are friends.” 
was his way saying that accepted his men un- 
conditionally and that turn for this acceptance the 
men worked safely and efficiently. (Probably neither 
the foreman nor the men could explain their reactions 
consciously. 

National industrial surveys have found that generally 
employe values the acceptance his supervisor 
one the most important parts his job. For accept- 
ance man will put forth more effort work safely. 


Recognition: Most people like recognized. 
This desire for recognition strong some people 
that they have been known try attract attention 
the risk serious injury themselves. 

But also have many examples groups em- 
ployes hazardous jobs who work year after year with- 
out lost time injury, motivated the goal winning 
recognition the form annual safety award. The 
interest safety aroused such awards has proved 
very important factor controlling accidents. 

However, successful safety award must satisfy 
the workers’ desire for earned recognition. Empty flat- 
tery not effective substitute and will not appre- 
ciated. also important point out that recognition 


may harmful sets individual above apart 
from his group, which will limit the amount acceptance 
receives from his fellow workers. Motivation for 
safety greatest when the desires for acceptance and 
recognition are satisfied through the same program. 


Challenge: Most people like reasonable challenge. 
provides ego satisfaction through accomplishment. 
example, let suppose that boy running the 
store can make the trip nine minutes; chal- 
lenged make eight and three-fourths minutes, 
his normal reaction will attempt make 
eight and half minutes. 

However, word caution seems necessary the 
providing challenge. the challenge requires more 
than reasonable effort the boy’s part, will not 
attempt all; that is, you ask the boy make the 
trip five minutes instead nine, may feel 
certain failure that, defiance, will take 
minutes make the trip will refuse make all. 

The desire for challenge motivation made espe- 
cially strong the fact that usually successful accom- 
plishment brings with the added satisfactions ac- 
ceptance and recognition. 


Security and Comfort: Most people like security 
and comfort. They want assured having ade- 
quate food, shelter, clothing and physical comforts. 
(Physical comforts include such advantages, for em- 
ployes, increased rest and reduced effort.) 

easy see how actively respond reasonable 
requests order gain approval and security. Most 
not realize how much actually will 
satisfy our desire for comfort. save ourselves little 
effort sometimes even will take dangerous shortcuts. 

Our inclination save ourselves effort applies even 
the reading safety bulletin pamphlet. For 
example, certain new safety pamphlet was sent 


Housekeeping programs reduce plant hazards can motivate workers providing 
challenge and opportunity for acceptance and recognition. 
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Employe meetings build interest safety, 
give workers chance contribute ideas. 


MOTIVATION Continued 


number people mimeographed form. Very few read 
it. Many those who did were not impressed with it. 
But the same material, printed two colors and humor- 
ously illustrated, later was distributed and produced 
very favorable reactions. served its purpose more 
effectively than the mimeographed text because was 
easier and more pleasant read. 

Employes will more make the safety program 
success the program helps them earn some security 
and comfort. People want acceptance, recognition, chal- 
lenge and security and will work safely earn them. 


How Get People “To Want Want To” 


basic step program accident control 
through motivation, the supervisor must indicate sincere 
acceptance and recognition the accident free em- 
ployes, both individually and collectively. his attitude 
the supervisor can help employes associate worker’s 
“no accident” record with the desirable qualities 
strength, masculinity, courage, know-how skill, 
thereby counteracting the too usual association these 
qualities with the taking chances (which sometimes 
even includes risks involving the safety others). 

course necessary also establish definite 
safety promotional plans such as: 

Safety award plans. 

Contests (limited). 

Housekeeping programs. 

Safety suggestion systems. 

Safety committees, etc. 

Each these programs must planned that every 
employe feels has active part and stands 
gain personally from its success. 

For safety award plans the program should de- 
signed provide recognition for planning, effort and/or 
accomplishment. One company has had considerable suc- 
cess providing safety awards for: 

The best safety program control hazards. 

The most improved hazards control program. 

Achievement accident prevention (an award pre- 
sented individual group for outstanding contri- 
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bution the prevention accidents). many five 
these awards may presented each year. 

These awards provide recognition for those who make 
“sufficient effort” well those who accomplish 
good record. 

Contests have motivation value only 
planned. They must provide earned recognition. few 
general principles follow are: 

The contestants should have equal ability com. 
pete. Too often contests are planned that the most 
capable, most intelligent employes win all 
The others, lagging, just give up. 

Contests should planned that participants, 
trying win, actually are making contribution the 
improvement the plant safety record. 

Contest must planned that the winners 
not lose group acceptance and the losers not feel 
complete letdown when the contest closes. 

Contests should recognize the results effort rather 
than results chance. 

housekeeping program still another device which 
can used motivating people control hazards. The 
most successful programs provide each employe with 
personal challenge and responsibility and equal recog. 
nition for effort and accomplishment. 


Conclusion 


There are any number daily programs and work 
activities which may used motivate the employe 
control accidents. The motivation will most ef. 
fective: 

When these programs assist those involved ac- 
cidents prevent recurrence. 

When they the most build those who make 
effort avoid accidents. 

When they establish “safety mindedness climate” 
the plant that accidents are not associated with 
daring heroism and martyrdom but, rather, good safety 
record accepted indication ability, strength 
and effort. 

other words, when these programs provide satis- 
faction the employes’ basic human 
recognition, challenge, security and comfort—then each 
employe will want want control accidents. 


Safety committees are recognition vital 
role workers plant accident control. 
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AMERICAN SOCIETY SAFETY ENGINEERS 


Safety Engineer. unscrupulous act, has shown him- 
profession take deep pride. unworthy the profession. 
but without vainglory; 


owe solemn obligations that 


eager ince the Age Stone, human 


progress has been condition- 

Safety Engineer, forbears. them have been 
enterprise. vast resources mate- 

him that has engaged 
services employer have been vitalized and 
will give the turned practical ac- 
performance count the principles 
and fidelity. and the revela- 


tions technology. Ex- 

cept for this heritage 
skilland 
edge shall 


accumulated 
efforts would feeble. 
given without reserva- 
tion for the public good. 


myself 
From special capacity 


the instruction 


springs the obligation younger members 
well the serviceof human- profession all its arts and 
ity, and accept the challenge that Fellows, 
this implies. the same full measure ask 


them, integrity and fair dealing, 
tolerance and respect, and devotion 

calling, will strive protect the standards and the dignity 

the interests and the good profession: with the conscious- 
any Safety Engineer that that our special ex- 
Should duty dictate, serve humanity with complete 
the truth regarding anyone sincerity. 


ealous the high repute 
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AMERICAN SOCIETY 
SAFETY ENGINEERS 


embership Information 


American Society Safety Engineers has established 


the following classifications active membership: 


MEMBER —To eligible Member applicant shall least 
thirty years age and shall engaged safety engineering. addi- 
tion, shall have either engineering science degree accredited 
college curriculum and the equivalent eight full years’ experience 
safety engineering; shall have had the equivalent ten full years’ 
experience safety engineering. 


ASSOCIATE MEMBER —To eligible Associate Member 
applicant shall least twenty-five years age and shall engaged 
safety engineering. addition, shall have either engineering 
science degree accredited college curriculum and the equivalent 
three full years’ experience safety engineering; shall have the 
equivalent five full years’ experience safety engineering; shall 
have either engineering science degree accredited college 
curriculum, ten years’ experience professional engineering work and one 
full year’s experience safety engipeering; shall have twenty years’ 
experience engineering work, which least ten have been the 
professional level, and one full year’s experience safety engineering. 


JUNIOR MEMBEK —To eligible Junior Member applicant 
shall least twenty years age and shall engaged safety 
engineering work, which pursued the required time will tend qualify 
the applicant for the grade Associate Member. addition, shall 
have either engineering science degree accredited college 
curriculum shall have had the equivalent one full year’s experience 
safety engineering. 


AFFILIATE MEMBER —The Society also provides special classifica- 
tion, that Affiliate Member, for those not professionally engaged 
shall least twenty-five years age and shall have contributed the 
advancement safety engineering through demonstrated achievement 
some related field interest which has been engaged for least 
three years. 


for additional information write 


The American Society Safety Engineers 
425 North Michigan Avenue 
Chicago 11, Illinois 


(or contact your local chapter) 
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